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DNA, DNA CONSTRUCTS , CELLS AND PLANTS DERIVED 

THEREFROM 

This application relates to novel DNA 
constructs, plant cells containing them and plants 
derived therefrom. In particular it involves the 
use of recombinant DNA technology to control gene 

5 expression in plants. 

As is well known, a cell manufactures protein 
by transcribing the DNA of the gene for that 
protein to produce messenger RNA (mRNA) , which is 
then processed (eg by the removal of introns) and 

10 finally translated by ribosomes into protein. This 
process may be inhibited by the presence in the 
cell of "antisense RNA" ♦ By this term is meant an 
RNA sequence which is complementary to a 
sequence of bases in the mRNA in question: 

15 complementary in the sense that each base (or the 
majority of bases) in the antisense sequence (read 
in the 3' to 5 f sense) is capable of pairing with 
the corresponding base (G with C, A with U) in the 
mRNA sequence read in the 5' to 3 f sense. It is 

20 believed that this inhibition takes place by 
formation of a complex between the two 
complementary strands of RNA, preventing the 
formation of protein. How this works is uncertain: 
the complex may interfere with further 

25 transcription, processing, transport or 

translation, or degrade the mRNA, or have more than 
one of these effects. Such antisense RNA may be 
produced in the cell by transformation with an 
appropriate DNA construct arranged to transcribe 
backwards part of the coding strand (as opposed to 
the template strand) of the relevant gene (or of a 
DNA sequence showing substantial homology 
therewith ) • 



SUBSTITUTE SHEET 



WO 91/16440 PCT/GB91/00614 



- 2 - 



10 



15 



The use of this technology to downregulate the 
expression of specific plant genes has been 
described, in for example European Patent 
publication no 271988 to ICI (corresponding to US 
serial 119614). Reduction of gene expression has 
led to a change in the phenotype of the plant: 
either at the level of gross visible phenotypic 
difference e.g. lack of anthocyanin production in 
flower petals of petunia leading to colourless 
instead of coloured petals (van der Krol et al , 
Nature, 333, 866-869, 1988); or at a more subtle 
biochemical level e.g. change in the amount of 
polygalacturonase and reduction in depolymerisation 
of pectins during tomato fruit ripening (Smith et 
al, Nature, 334, 724-726, 1988; Smith et al., Plant 
Molecular Biology, 13, 303-311, 1990). Thus 
antisense RNA has been proven to be useful in 
achieving downregulation of gene expression in 
20 plants. 

In work leading to the present invention we 
have isolated DNA sequences encoding cellulase or 
like enzymes from tomato and melon. We postulate 
that these will be of use in modifying the ripening 
25 characteristics of tomatoes, melons and other 
fruit. 

The cell walls of tomato and melon fruit 
predominantly consist of polysaccharides which have 
been sub-divided into cellulose, hemicellulose and 
pectin fractions. During fruit ripening there are 
considerable changes in the composition of the cell 
walls. In tomato pericarp tissue the proportion of 
cellulose in cell wall fractions increases slightly 
(Huber, Horticultural Science 2(), 442-443, 1985). 

A similar slight increase in cellulose 
content has been observed in ripening melons. . 
However since other cell wall fractions are rapidly 
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solubilised and degraded, the absolute level of 
cellulose may decline during ripening. In the 
tomato locular gel the proportion of cellulose in 
the cell wall fractions decreases during ripening. 

Increases in cellulase activity have been 
correlated with avocado fruit ripening (Awad 
and Young, Plant Physiology 64, 306-308, 1979). 
The role of cellulase in tomato and melon fruit 
softening is unclear. 

There have been several reports of cellulase 
activity in tomato fruit (eg Hall, Nature 200 
1010-1011,1963 and Hobson, Journal of food science 
23, 588-592, 1968). Cellulase activity has been 
detected in mature green tomato fruit at the onset 
15 of ripening. In pericarp tissue, cellulase 
activity increases approximately ten fold as 
ripening progresses (Poovaiah and Nukaya, Plant 
Physiology 64, 534-537, 1979 and Huber, 1985 cited 
above). Cellulase activity is higher in the 
locular gel than in the pericarp and also increases 
during ripening. it has been suggested that 
cellulase activity may particularly be an important 
feature of gel formation. 

in ripening melons cellulase activity was 
25 reported to be highest in youngest tissues and 

then declined as fruit matured and ripened (Lester 
and Dunlap, Scientia Hor ticul turae 26, 323-331 , 
1985) . 

According to the present invention we provide 
30 DNA constructs comprising a transcriptional 

initiation region operative in plants positioned 
for transcription of a DNA sequence homologous to 
some or all of a gene encoding cellulase or a like 
enzyme, said gene showing substantial homology to 
DNA encoded by either of the constructs TCELB6 and 
MCELE2. 
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In a further aspect, the present invention 
provides such DNA constructs comprising a 
transcriptional initiation region operative in 
plants positioned for transcription of a DNA 
5 sequence encoding RNA complementary to a 

substantial run of bases showing substantial 
homology to an mRNA encoding cellulase or a like 
enzyme. The invention also includes plant cells 
containing constructs of the invention; transformed 
10 plants derived therefrom showing modified ripening 
characteristics; and fruit and seeds of such plants 

The constructs of the invention may be 
inserted into plants to regulate the production of 
cellulase or like enzymes. Depending on the nature 
15 of the construct, the production of the enzyme may 
be increased, or reduced, either throughout or at 
particular stages in the life of the plant. 
Generally, as would be expected, production of the 
enzyme is enhanced only by constructs which contain 
DNA homologous to the substantially complete gene. 
What is more surprising is that constructs 
containing an incomplete DNA sequence substantially 
shorter than that corresponding to the complete 
gene generally inhibit the expression of the 
25 enzyme, whether they are arranged to express sense 
or antisense RNA. 

The genes used in the invention typically 
derive from DNA from tomato or melon cellulase 
genes; or from DNA which is fully or partly 
30 homologous thereto. This invention may be put 

into effect using the clones TCELB6 or MCELE2 that 
have been deposited. Alternatively such clones may 
be used as probes to identify other homologous 
cellulase or like genes (or parts thereof) in plant 
DNA, thereby obtaining DNA in longer lengths or 
having variant sequences. It is possible to screen 
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in this way DNA derived from tomato or melon, or 
from other plant material known to obtain cellulase 
genes „ 

The plants to which the present invention can 
5 be applied include commercially important 

fruit-bearing plants, in particular tomato and 
melon. In this way, plants can be generated which 
express RNA from recombinant DNA and which may 
have one or more of the following characteristics: 

10 Delayed softening and improved firmness; 

Reduced spoilage of fruit during handling, due 
to delayed softening but continued development 
of colour, flavour and aroma during ripening 

15 on the plant (this should allow the fruit to 

be harvested closer to the ripe fruit stage 
but still withstand handling and transport to 
arrive at the market in good condition); 

20 Longer shelf life and better storage 

characteristics due to reduced cell wall 
degradation (the fruit may also be less prone 
to infection in storage); 

Improved processing characteristics due to 
25 changed activity of cellulase contributing to 

factors such as: viscosity of paste, solids 
content, pH, elasticity. 

DNA constructs according to the invention 
preferably comprise a base sequence at least 20 
30 bases in length for transcription into RNA ♦ If 
enhancement of expression of the enzyme is the 
objective, then substantially the whole of the gene 
sequence should be included in the construct. For 
inhibition by sense RNA , a shorter sequence is 
used. Where antisense RNA is used for inhibition, 
there is no theoretical upper limit to the length 
of the base sequence - it may be as long as the 



SUBSTITUTE SHEET 



WO 91/16440 



PCT/GB91/00614 



relevant mRNA produced by the cell - but for 
convenience it will generally be found suitable to 
use sequences of at least 50 and preferably between 
100 and 1000 bases in length. The preparation of 

5 such constructs is described in more detail below. 

As source of the DNA base sequence for 
transcription, it is convenient to use clones such 
as TCELB6 for tomato cellulase and MCELE2 for 
melon cellulase. The base sequences of TCELB6 and 

10 MCELE2 are set out in Figure 1. Searches in DNA 
and protein data bases indicate that these clones 
show homology to clones for avocado fruit cellulase 
(Tucker et al , Plant Molecular Biology 9> 197-203, 
1987) and bean abscission cellulase (Tucker et al 

15 Plant Physiology 8J3, 1257-1262, 1988). TCELB6 and 
MCELE2 have been deposited on 29 March 1990 with 
the National Collections of Industrial and Marine 
Bacteria, Aberdeen, Scotland under Accession Nos. 
NCIB 40268 and 40269, respectively. 

20 DNA fragments similar to those cloned in 

TCELB6 and MCELE2 may be generated in polymerase 
chain reactions using appropriate synthetic 
oligonucleotide primers and either tomato or 
melon genomic DNA as appropriate. Alternatively, 

25 cDNA clones showing homology to TCELB6 and MCELE2 
may be obtained from the mRNA of ripening tomatoes 
or melons by methods similar to those described by 
Slater et al, Plant Molecular Biology 5, 
137-147, 1985. In this way may be obtained 

30 sequences coding for the whole, or substantially 

the whole, of the mRNA produced by tomato or melon 
cellulase genes. Suitable lengths of the cDNA so 
obtained may be cut out for use by means of 
restriction enzymes . 

The source of DNA fragments for the base 
sequence for transcription may be derived from 
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either mRNA or from a gene encoding a cellulase or 
like enzyme. If the DNA is derived from a gene it 
may differ from that derived from mRNA in that 
introns may be present. The introns are not 
transcribed into mRNA (or, if so transcribed, are 
subsequently cut out). When using such a gene as 
the source of the base sequence for transcription 
it is possible to use either intron or exon 
regions . 

A further way of obtaining a suitable DNA base 
sequence for transcription is to synthesise it ab 
initio from the appropriate bases, for example 
using Figure 1 as a guide. Devices such as the 
Applied Biosystems oligonucleotide synthesiser are 
15 available which will synthesise lengths of single 
stranded DNA in any desired base sequence up to a 
maximum of around 100 bases. Complementary 
strands of DNA are annealed and subsequently 
ligated to form a double stranded DNA fragment of 
the desired length and sequence. 

In the new vectors expressing antisense RNA, 
the strand that was formerly the template strand 
becomes the coding strand, and vice versa. The new 
vector will thus encode RNA in a base sequence 
25 which is complementary to the sequence of the 
cellulase gene. Thus the two RNA strands 
are complementary not only in their base sequence 
but also in their orientations (5' to 3'). 

Recombinant DNA and vectors according to the 
present invention may be made as follows. A 
suitable DNA source containing the desired base 
sequence for transcription (for example TCELB6 or 
MCELE2) is treated with restriction enzymes to cut 
the sequence out. Alternatively a suitable 
fragment may be generated by polymerase chain 
reaction (PCR) from a suitable DNA source (for 
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example TCELB6 or MCELE2 ) using synthetic 
oligonucleotide primers. The DNA strand so 
obtained is cloned (if desired in reverse 
orientation) into a second vector containing the 
desired promoter sequence (for example cauliflower 
5 mosaic virus 35S RNA promoter or the tomato 

polygalacturonase gene promote r sequence - Bi rd et 
al., Plant Molecular Biology, 3L1, 651-662, 1988) 
and the desired terminator sequence (for example 
the 3' of the Agrobacte rium tumef aciens nopaline 
10 synthase gene, the nos 3 r end). 

According to the invention we propose to use 
both constitutive promoters (such as cauliflower 
mosaic virus 35S) and inducible or developmentally 
regulated promoters (such as the 
15 r ipe-f ruit-specif ic polygalacturonase gene ) as 
circumstances require. Use of a constitutive 
promoter will tend to affect functions in all parts 
of the plant: while by using a tissue-specific 
promoter , functions may be controlled more 
20 selectively. Thus in applying the invention, e.g. 

to tomatoes and melons , it may be found convenient 
to use the promoter of the PG gene (Bird et al, 
1988, cited above). Use of this promoter, at least 
in tomatoes , has the advantage that the production 
25 of antisense RNA is under the control of a 

ripening-specific promoter. Thus the antisense RNA 
is only produced in the organ in which its action 
is required. Other tomato ripening-specific 
promote rs that could be used include the E8 
30 promoter (Diekman & Fischer, EMBO Journal 7 , 

3315-3320, 1988) . 

Vectors according to the invention may be used 
to transform plants as desired, to make plants 
according to the invention. Dicotyledonous plants, 
such as tomato and melon, may be transformed by 
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Agrobacterium Ti plasmid technology, for example as 
described by Bevan (1984) Nucleic Acid Research, 
12 , 8711-8721, Such transformed plants may be 
reproduced sexually, or by cell or tissue culture. 
The degree of production of antisense RNA in 

5 the plant cells can be controlled by suitable 

choice of promoter sequences, or by selecting the 
number of copies, or the site of integration, of 
the DNA sequences according to the invention that 
are introduced into the plant genome. In this way 

10 it may be possible to modify ripening or senescence 
to a greater or lesser extent. 

The constructs of our invention may be used to 
transform cells of both monocotyledonous and 
dicotyledonous plants in various ways known to the 

15 art. In many cases such plant cells (particularly 
when they are cells of dicotyledonous plants) may 
be cultured to regenerate whole plants which 
subsequently reproduce to give successive 
generations of genetically modified plants, 

20 Examples of genetically modified plants according 
to the present invention include, as well as 
tomatoes, fruits of such as mangoes, peaches, 
apples, pears, strawberries, bananas and melons. 
Such genetically modified plants may further 

25 contain other exogenous DNA expressible under the 
control of plant promoters, for example DNA 
expressing RNA antisense to other fruit ripening 
enzymes, for example polygalacturonase or pectin 
me thylesterase , as described in our European Patent 

30 application 271,988 (US Serial 119,614). 

The invention will now be further described 
with reference to the drawings, in which: 
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Figure 1 shows the base sequences of tomato and 
melon cellulase genes in clones TCELB6 ( Seq ID No: 1) 
and MCELE2 (Seq ID No: 2) respectively. 

Figure 2 shows the oligonucleotides used for 
generation of fragments of tomato and melon cellulase 
gene by polymerase chain reaction. 

Figure 
fragments of 
reaction. 

Figure 4 shows the base sequence of tomato 
cellulase cDNA clone lambda cel-1 (Seq ID No: 3) 

Figure 5 shows a strategy for construction of a 
cellulase antisense RNA vector pjRlTCl according to the 
invention . 

The following Examples illustrate aspects of the 
invention: 

EXAMPLE 1 



3 shows a strategy for generation of 
a tomato cellulase gene by polymerase chain 



25 



Synthesis, cloning and characterisation of a 
fragment of a tomato cellulase gene. 

A fragment of a tomato cellulase gene was 
generated in a polymerase chain reaction. Synthetic 
oligonucleotide primers for the reaction (TCEL10 and 
TCEL11) were designed from regions of homology between 
avocado (Tucker et al , 1987 , cited above) and bean 
abscision (Tucker et al, 1988, cited above) cellulase 
25 (Figure 2). In a PCR reaction with avocado DNA, these 
primers would be expected to generate a 266 base pair 
fragment based on the sequence in Tucker et al, 1987. 
PCR reactions (Figure 3) with DNA extracted from tomato 
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( Lycopersicon esculentum Mill cv. Ailsa Craig) using 
appropriate conditions for annealing and extension 
generated a fragment of approximately 300 base pairs. 
This fragment was purified from an agarose gel and 
5 cloned into the vector Ml3mpl8 cut with Hindi. 21 
clones were transferred to microtitre plates and 
replicated on to nylon membranes (Hybond N - Amersham). 
The membranes were hybridised with [32P] labelled 
oligonucleotide TCEL10 in SxSSPE, 0.25% Marvel, 0.05% 

10 SDS at 45oC and washed with 2xSSC, 0.1% SDS at 50oC. 
Seven clones hybridised to TCEL10. The nucleotide 
sequence of one of the hybridising clones (TCELB6) was 
determined (Figure 1). This had significant similarity 
to the nucleotide sequence of the avocado cellulase gene 

15 (Tucker et al, 1987, cited above). 

EXAMPLE 2 

Synthesis, cloning and characterisation of a 

20 fragment of a melon cellulase gene. 

A fragment of a melon cellulase gene was 
generated, cloned and sequenced in a manner similar to 
that described in example 1 for the tomato cellulase 
gene fragment. The same PCR primers (TCEL10 and TCELll) 

25 were used to generate a fragment of approximately 300 

base pairs from DNA extracted from melon (Cucumis melo L 
cv. Western Shipper). This fragment was cloned into 
M13mpl8 cut with Hindi and hybridised with [32P] 
labelled TCEL10. The nucleotide sequence of one 

30 hybridising clone (MCELE2) was determined (Figure 1) and 
had significant homology to the tomato and avocado 
cellulase genes. 
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EXAMPLE 3 

isolation and characterisation of a tomato cellulase 
cDNA clone. 

The insert of the clone TCELB6 was used as a 
hybridisation probe to screen a commercially available 
ripe tomato ( Lycopersicon esculentum Mill cv Ailsa 
Craig) cDNA library. One hybridising clone (lambda 
cel-1) was identified and purified to homogeneity. The 
nucleotide sequence of the clone was completely 
determined (figure 4). The clone had an insert of 1415 
base pairs and showed significant similarity to the 
avocado sequence (Tucker et al cited above). 

EXAMPLE 4 

Construction of tomato and melon cellulase 
antisense RNA vectors with the gene fragments amplified 
by PCR and the CaMV 35S promoter. 

Vectors may be constructed using cloned sequences 
from tomato or melon cellulase gene or cDNA fragments as 
shown in Figure 5. 

25 1. TCELB6 (223bp tomato cellulase gene) - pJRlTCl 

2. MCELE2 (223bp melon cellulase gene) - pJRlMCl 

pJRlTCl may be synthesised in vitro by cutting TCELB6 RF 
30 DNA with PstI the cut ends are then made flush with T4 
DNA polymerase. The DNA is then cut with BamHl . The 
283bp fragment from this reaction is then isolated and 
cloned into pjRl cut with Smal and BamHl . p jri (Smith et 
al Nature 334, 724-726, 1988) is a Binl9 (Bevan, Nucleic 
35 Acids Research, 12, 8711-8721, 1984) based vector, which 
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permits the expression of the antisense RNA under the 
control of the CaMV 35S promoter. This vector includes a 
nopaline synthase (nos) 3' end termination sequence. 
After synthesis, vectors with the correct 
5 structure of pJRlTCl are identified by DNA sequence 
analysis . 

The vector pJRlMCl is made similarly, following 
the construction schemes shown in Figure 5. 

10 EXAMPLE 5 

Construction of tomato and melon cellulase 
antisense RNA vectors with the gene fragments isolated 
by PCR and the tomato polygalacturonase gene promoter, 
15 The tomato and melon gene fragments described in 

example 3 are also cloned by the same procedure into 
pJR2 to give the following clones: 

1. TCELB6 (223bp tomato cellulase gene) - pJR2TCl 

20 

2. MCELE2 (223bp melon cellulase gene) - pJR2MCl 

pJR2 is a Binl9 based vector, which permits the 
expression of the antisense RNA under the control of the 
25 tomato polygalacturonase promoter. This vector includes 
a nopaline synthase (nos) 3 r end termination sequence 
( see Figure 4 ) . 

EXAMPLE 6 

30 

Construction of tomato and melon cellulase sense 
RNA vectors with the gene fragments isolated by PCR and 
the CaMV 35S promoter. 

The tomato and melon gene fragments described in 
35 example 3 are also cloned into pJRl in the sense 
orientation to give the following clones: 



SUBSTITUTE SHEET 



WO 91/16440 



PCT/GB91/00614 



- 14 - 

1. TCELB6 (223bp tomato cellulase gene) - pJRlTClS 



4, MCELE2 (223bp melon cellulase gene) - pJRlMClS 

5 pJRlTClS may be synthesised in vitro by cutting 

TCELB6 RF DNA with Pstl and Xbal, the cut ends are then 
made flush with T4 DNA polymerase. The 283bp fragment 
from this reaction is then isolated and cloned into the 
Hindi site of pJRl . After synthesis, vectors with the 
10 sense orientation of TCELB6 sequence are identified by 
DNA sequence analysis. The vector pJRlMClS is made 
similarly. 

EXAMPLE 7 

15 

Construction of tomato antisense and sense RNA 
vectors with the tomato cellulase cDNA insert. 

The tomato cellulase cDNA clone (lambda cel-1) was 
cut with EcoRI to excise the cDNA insert. The 1415 base 

20 pair fragment was isolated and the cut ends were made 
flush with T4 DNA polymerase. This fragment was then 
cloned into the Sraal site of pJRl. After synthesis, 
vectors with the antisense orientation of the lambda 
cel-1 sequence were identified by both PCR and DNA 

25 sequence analysis. One clone that contained the 

cellulase cDNA sequence in the antisense orientation was 
designated pJRTCelA. 

A vector pJRTCelS may be obtained by using a 
similar strategy and identifying a clone with the 

30 cellulase cDNA sequence in the sense orientation. 

EXAMPLE 8 



Generation of transformed tomato and melon plants 
35 Vectors made as described in Examples 4-7 are 

transferred to Agrobacte r ium tumefaciens LBA4404 (a 
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micro-organism widely available to plant 

biotechnologists ) and are used to transform tomato and 
melon plants. Transformation of tomato stem segments 
follows standard protocols (e.g. Bird et al Plant 
5 Molecular Biology 11, 651-662, 1988). Melon plants are 

transformed by a similar process. Transformed plants are 
identified by their ability to grow on media containing 
the antibiotic kanamycin. Plants are regenerated and 
grown to maturity. Ripening fruit are analysed for 
10 modifications to their ripening characteristics. 
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We claim: 



A DNA construct comprising a transcriptional 
initiation region operative in plants positioned 
for transcription of a DNA sequence homologous to 
some or all of a gene encoding cellulase, said 
gene showing substantial homology to DNA encoded 
by either of the constructs TCELB6 and MCELE2 • 



A DNA construct as claimed in claim 1 comprising a 
transcriptional initiation region operative in 
plants positioned for transcription of a DNA 
sequence encoding RNA complementary to a 
substantial run of bases showing substantial 
homology to an mRNA encoding cellulase. 

A DNA construct as claimed in either of claims 1 
or 2 in which the DNA sequence is derived from 
either of the clones TCELB6 and MCELE2 . 



A DNA construct as claimed in any of claims 1 to 3 
in which the DNA sequence is derived from cDNA • 

A plant cell transformed with a DNA construct 
claimed in any of claims 1 to 4 . 



A genetically modified plant regenerated from a 
cell claimed in claim 5, or a descendant of such 
plant , 



A plant as claimed in claim 6 which shows a 
reduced expression of cellulase as compared with 
similar unmodified plants, 

A plant as claimed in either of claims 6 or 7 
which is a tomato or melon plant. 
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Fruit and seeds of plants claimed in any of claims 
6 to 8. 

The clones TCELB6 and MCELE2, and DNA constructs 
derived therefrom containing DNA hybridising with 
the cellulase-related sequences therein. 
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FIG. 3 

Strategy for generation of Tomato and Melon 
cellulase gene fragments by PCR 



Design oligos based on regions of homology between avocado 
and bean abscision cellulase sequences to specifically 
amplify those regions from plant genomic DNA 
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